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ABSTRACT. - The presence of intersexuality in a gonochoric species Barbus callensis (Valenciennes, 1842) collected 
between March and October 2010 in the Soummam River, Algeria, is reported using anatomical and histological investiga¬ 
tions. A total of 16 out of 700 dissected specimens (2.28%) were macroscopically classified as intersex, i.e. characterized 
by the simultaneous presence of both male and female gonads in the same individual. Three different anatomical forms 
were observed: (1) two gonads with an ovary and a testis clearly individualized (n = 2), (2) four gonads with distinguished 
pairs of ovaries and testes (n = 8), and (3) four gonads, in which each ovary was completely linked to a testis (n = 6). Dif¬ 
ferent portions of the gonads representing the three macroscopic forms of intersex were studied microscopically using 
Mayer’s haemalun-eosin and modified azan staining techniques. Histological analysis revealed the simultaneous presence 
of female and male gametes in each analysed gonad. In the gonads that appeared as ovaries, a majority of female tissue 
with oocytes at different developmental stages was observed, with cells reaching the final stage of maturation. Within the 
female tissue, different male germ cells were observed, including maturated spermatozoa. In apparent testes, the same cells 
were observed, except that male germ cells were predominating. This study reports the first evidence of simultaneous inter¬ 
sexuality in a gonochoric species Barbus callensis , revealed at macroscopic and microscopic levels. 


RESUME. - Premiere observation d’inter sexualite chez le barbeau Barbus callensis (Valenciennes, 1842) collecte dans 
l’oued Soummam (Algerie). 

Dans le cadre d’une etude portant sur le cycle sexuel de Barbus callensis (Valenciennes, 1842) de l’oued Soummam, il 
a ete constate, chez certains individus, des cas d’hermaphrodisme synchrone. Les observations macroscopiques des gona- 
des mettent en evidence 16 cas d’hermaphrodisme parmi les 700 individus examines, soit 2,28% de l’echantillonnage. 
L’etude morphologique de l’appareil reproducteur de ces specimens a permis de distinguer trois types de complexes gona- 
diques anormaux. Le premier est compose d’un testicule et d’un ovaire (n = 2), le deuxieme de deux testicules et deux 
ovaires separes (n = 8), et le troisieme de deux testicules lies intimement a deux ovaires (n = 6). L’etude histologique de ces 
gonades a permis de mettre en evidence, au sein des regions femelles, des ilots de cellules sexuelles males (spermatocytes 
et spermatozoi'des) eparpilles entre des follicules ovariens a differents stades de developpement. Dans les regions males, 
il a ete observe une predominance du tissu conjonctif dans lequel sont disperses des spermatocytes, des spermatozoi'des 
et des ovocytes. Il s’agit de la premiere signalisation de l’existence d’hermaphrodisme chez Barbus callensis aussi bien a 
l’echelle macroscopique que microscopique. 
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Intersex, in naturally gonochoristic species, is defined 
as the presence of both male and female reproductive fea¬ 
tures within the same gonad (Barnhoorn et al., 2010). At 
microscopic level, these alterations are characterized when 
oogenesis occurs in the testes, or, conversely, when sper¬ 
matogenesis is taking place in ovaries (Charniaux-Cotton, 
1975). This sexual abnormality has been recorded in many 
species throughout the world from different families of fish¬ 
es, including wild populations of freshwater fish, like roach 
Rutilus rutilus (Linnaeus, 1758) (Jafri and Ensor, 1979; Pur- 
dom et al ., 1994; Jobling et al ., 1998; Beresford et al ., 2004) 
and gudgeon Gobio gobio (Linnaeus, 1758) (Van Earle et 


al ., 2001). These alterations were also reported in the fresh¬ 
water bream Abramis brama (Linnaeus, 1758) in The Neth¬ 
erlands (Lahr et al., 2006) and in tilapia Oreochromis mos- 
sambicus (Peters, 1852) in South Africa (Barnhoorn et al ., 
2010). These abnormalities were generally attributed to the 
exposure to environmental contaminants, especially certain 
hormonally active chemicals. These pollutants, collectively 
called endocrine disrupting chemicals, are known to mimic 
or block sexual hormones in fish. 

As far as we know, only one publication about a barbel 
species reported the presence of protogynius hermaphro¬ 
ditism in Barbusplebejus (Valenciennes, 1842) captured in a 
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polluted river in Italy (Vigano et al., 2001). However, in the 
latter, only microscopic intersex was observed with femini¬ 
zation features revealed by the presence of female germ cells 
at the first stage of development, and no maturated oocytes 
or simultaneous macroscopic presence of ovaries and testes 
are observed in the same individuals. 

Despite a large number of studies concerning Barbus 
callensis (Valenciennes, 1842), cases of hermaphroditism in 
this species have never been reported so far (Alma 9 a, 1970, 
1972; Kraiem, 1986,1989,1994, 1997; Chaouachi and Ben 
Hassine, 1998; Cherghou et al., 2002). The present study 
provides the first report of simultaneous intersex observed in 
Barbus callensis revealed at macroscopic level, with simul¬ 
taneous presence of ovaries and testes in the same individu¬ 
als, but also at microscopic level with simultaneous presence 
of female and male germ cells reaching the final stage of 
maturation stages in the same gonad. 

MATERIALS AND METHODS 

Animals 

Specimens of Barbus callensis (Teleostei, Cyprinidae) 
of mixed ages and sexes were sampled by fishing rod and 
seining (1.5 m, 3 mm nominal mesh) between March and 
October 2010, in the Soummam River in Bejaia (northeast 
Algeria). A total of 700 specimens were obtained and were 
sacrificed with an overdose of tricaine methanesulphonate 
(MS-222). 

Sex was identified according to the presence of male or 
female gonads. Individuals that had both male and female 
gonads (total: 16) were classified as intersex. 

Meristics studies and age measurement 

For each of intersex specimen, we have determined the 


total length in mm with an accuracy of 1 mm, with assistance 
of an ichthyometer. Total and gonad weights were measured 
and expressed in g with an accuracy of 0.1 g. 

Six to eight scales of each fish were removed from above 
the lateral line near the tip of the dorsal fin. Scales were 
washed using tap water, cleaned and studied as dry mounts. 
Small-sized scales were mounted between two glass slides 
and the age was determined by counting the number of annu¬ 
li (Bagliniere et al., 2001). 

Histological studies 

Gonads were prepared for the histological examination 
by fixing in 10% neutralized formalin solution. Gonads were 
divided into equal pieces using transverse portions (thick¬ 
ness, 5 mm). The samples were then dehydrated in increas¬ 
ing ethanol concentrations (70 to 95%), cleared in xylene 
and embedded in paraffin wax. Histological sections of 3 pim 
thickness were then performed using a Leica RM2025 rota¬ 
ry microtome. Sections were mounted on glass microscope 
slides, stained with Mayer’s haemalun-eosin or modified 
azan, and mounted with Canada balsam. They were then 
examined by light microscopy, and photographed using a 
digital camera. 

RESULTS 

Meristic measurements 

Total length of normal males and females was between 
90 and 240 mm and 80 and 282 mm, respectively. The total 
weight varied between 6.33 and 185.43 g for the males and 
between 5.72 and 301.20 g for the females. Concerning the 
gonad weight, the intervals were between 0.02 and 7.60 g for 
the males and between 0.05 and 20.78 g for the females. 

Table I summarizes the meristic measurements of inter- 


Figure 1. - Gonads of Barbus callensis 
identified as intersex, showing three 
abnormal forms. A: One ovary and one 
testis clearly separated without oviduct 
or sperm ducts. B: Paired ovaries and 
oviducts associated in one point with 
paired testicles and sperm ducts. C: 
Two testes entirely linked to two ova¬ 
ries without clearly identified oviducts 
or sperm ducts, (ov) Ovarian tissue, (t) 
Testicular tissue. 
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Figure 2. - Histological sections of tes¬ 
tes in B. callensis. A: In normal males 
containing germinal cells at different 
stages of spermatogenesis and mature 
spermatozoa. B, C, D: In male portion 
of intersex individuals. B: Epithelial 
tissue accompanied by a small amount 
of spermatozoa and spermatocytes. C: 
Primary and previtellogenic oocytes 
are located in the periphery and/or in 
clusters within the gonad. D: Previtell¬ 
ogenic oocytes scattered throughout the 
testicular tissue, (ept) Epithelial tissue, 
(po) Primary oocytes, (pvo) Previtel¬ 
logenic oocytes, (sg) Spermatogonia, 
(sc) Spermatocyte, (sd) Spermatide, 
(sz) Spermatozoa. Staining techniques: 
(A) Modified azan, (B, C, D) Mayer’s 
haemalun-eosin. 




Figure 3. - Histological sections of 
ovaries in B. callensis. A: In normal 
females showing oogenesis activ¬ 
ity with oocytes at different stages of 
development. B, C, D: In female por¬ 
tion of intersex individuals. B: Sperma- 
tides and spermatozoa are located at the 
periphery of the ovary. C: Male tissue 
containing a high proportion of sper¬ 
matozoa interspersed within the ovary 
tissue. D: Attached portion between 
male and female gonads contained 
oocytes and spermatozoa, (po) Primary 
oocytes, (pvo) Previtellogenic oocytes, 
(vo) Vitellogenic oocytes, (sc) Sperma¬ 
tocyte, (sd) Spermatide, (sz) Spermato¬ 
zoa, (ov) Ovarian tissue, (t) Testicular 
tissue, (ap) Attached portion. Staining 
techniques: (A, B, C) Modified azan, 
(D) Mayer’s haemalun-eosin. 


sex individuals, including date and age of captured individu¬ 
als. Total length of intersex specimens (n = 16 among 700 
fish sampled) ranged between 137 and 290 mm, total weight 
between 26.67 and 301.60 g and gonad weight between 0.36 
and 11.90 g. Scales analysis revealed that the individuals 
were 2 to 5 years old. 


Anatomical analysis of reproductive system 

Macroscopic examination of the external body indicated 
that almost all barbels were free from important lesions and 
abnormalities. However, visible signs of anatomical disor¬ 
ders in gonads were observed, including gonad deformities, 
which were classified into three categories: compartmentali- 
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Table I. - Meristic measurements of intersex individuals, date of 
capture and age of fishes. 


Date 

Total length 
(mm) 

Total weight 
(g) 

Gonad 
weight (g) 

Age 

(year) 

29 May 2010 

180 

65.35 

1.40 

3 + 

01Jun.2010 

168 

61.32 

11.90 

3 + 

01Jun.2010 

165 

56.68 

0.88 

3 + 

02 Aug. 2010 

140 

32.53 

0.36 

2 + 

02 Aug. 2010 

183 

71.51 

3.14 

5 + 

02 Aug. 2010 

245 

181.18 

3.14 

5 + 

02 Aug. 2010 

273 

288.60 

5.71 

5 + 

23 Oct. 2010 

137 

26.67 

0.58 

3 + 

23 Oct. 2010 

158 

40.71 

0.46 

3 + 

23 Oct. 2010 

190 

74.03 

1.17 

3 + 

23 Oct. 2010 

195 

83.96 

1.19 

4 + 

23 Oct. 2010 

200 

72.82 

0.95 

4 + 

23 Oct. 2010 

219 

114.27 

3.96 

4 + 

23 Oct. 2010 

200 

96.20 

1.80 

4 + 

23 Oct. 2010 

234 

165.80 

6.04 

5 + 

23 Oct. 2010 

290 

301.60 

11.11 

5 + 


zation, intersex and constrictions, the latter more frequent in 
males. Through anatomical observations, the reproductive 
system of normal females and males consisted of a pair of 
ovaries and a pair of testicles, respectively. 

In contrast, intersex specimens had both male and female 
gonads macroscopically distinct (Fig. 1). The female por¬ 
tion showed pink pigmentation, as in normal ovaries and 
included eggs clearly visible, the fully mature oocytes were 
released in the abdominal cavity. The male portion had near¬ 
ly the same morphology as a normal testis with white pig¬ 
mentation. In some cases, it contained thick milt such as in 
normal ripe males. This macroscopic analysis revealed the 
existence of three abnormal structural forms of the reproduc¬ 
tive system. Two individuals presented only one ovary and 
one testis clearly separated, without oviduct or sperm ducts 
(Fig. 1A). Eight specimens presented paired ovaries and ovi¬ 
ducts associated in one point with paired testicles and sperm 
ducts (Fig. IB). Finally, six specimens contained two testes 
entirely linked to the two ovaries, without clearly identified 
oviducts or sperm ducts (Fig. 1C). 

Histological analysis 

Normal males and females, collected at the same date 
and on the same place, were used as histological controls of 
the reproductive system. In individuals showing macroscop¬ 
ically male gonads, the histological examination revealed a 
functional male reproductive system. The testes contained 
both germinal cells at different stages of spermatogenesis, 
and mature spermatozoa (Fig. 2A). Histological sections of 
ovaries of normal females showed oogenesis activity with 
oocytes at different stages of development (Fig. 3A). 


However, intersex fish were characterized by simulta¬ 
neous presence of both male and female gonadal features, 
which were arranged as an ovotestis or testis-ovo. 

In the male parts of intersex specimens, histological 
observations revealed remarkable presence of an epithelial 
tissue without clearly defined lobular or cystic structures, 
accompanied by a small amount of spermatozoa and sper¬ 
matocytes (Fig. 2B). Many clusters of basal lamellae with¬ 
out any clearly identified somatic cells were present. Prima¬ 
ry and previtellogenic oocytes were located in the periphery 
and/or in clusters within the gonad (Fig. 2C). In addition, 
these male portions showed a small proportion of previtel¬ 
logenic oocytes scattered throughout the testicular tissue 
(Fig. 2D). 

Inside the female portion of intersex specimens, male 
and female germ cells coexisted and two basic patterns 
were observed. In the first pattern, the gonad appeared like 
a normal ovary, with male islets, containing germinal cells, 
located at the periphery of the gonad (Fig. 3B). The second 
pattern showed a high proportion of male islets interspersed 
within the ovary tissue (Fig. 3C). Another pattern of inter¬ 
sexuality consisted of an attached portion between male and 
female gonads containing both oocytes and spermatozoa 
(Fig. 3D). 

DISCUSSION 

Barbus callensis is a gonochoric species largely present 
in North Africa freshwaters. Several studies have been con¬ 
ducted concerning its reproduction biology (Kraiem, 1997), 
biogeography (Almaga, 1976; Kraiem, 1986; Almaga, 
1990), diet (Cherghou et al ., 2002), growth (Kraiem, 1989), 
morphometry (Kraiem, 1994; Chaouachi and Ben Hassine, 
1998) and systematic (Pellegrin, 1913, 1939; Esteve, 1947; 
Almaga, 1966,1968,1970,1971,1972; Agnese, 1990;Doad- 
rio, 1990; Berrebi etal., 1995; Kraiem, 1998; Boumaiza and 
Quignard, 2002). To date, no report of intersex had been sig¬ 
nalled concerning this species, and it seems to be difficult to 
consider this hermaphroditism as a normal occurring. 

Intersex specimens represented 2.28% of the total col¬ 
lected individuals; this percentage concerned only the mac¬ 
roscopic features of hermaphroditism, meaning the apparent 
simultaneous presence of male and female gonads in the 
same individual. This percentage is tightly closer to those 
reported for other fish species, Bernet et al. (2004), Bittner et 
al. (2009) and Hinck et al. (2009), reported 1.1, 1.7, and 3% 
of macroscopic intersex, respectively. 

In the present report, intersexuality in Barbus callensis 
was manifested in a wide variety of features, including defor¬ 
mations (constrictions and compartmentalization) of the 
gonads and/or reproductive ducts with altered gamete pro¬ 
duction. However, we were unable to determine the sex deri- 
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vation because the proportions of male and female gonads in 
the same individuals were so close to each other that it was 
not possible to establish whether the incidence of intersexu¬ 
ality was due to feminization or masculinisation. The ana¬ 
tomical analysis of B. callensis showed that male and female 
gonads could be present in a same individual. Nolan et al. 
( 2001 ) reported that in all the intersexes, the most common 
malformation was the presence of fish with both sperm duct 
and ovarian cavity. In other hand, Bittner et al. (2009) dem¬ 
onstrated that the intersex and compartmentalization abnor¬ 
malities in whitefish ( Coregonus spp.) were considered like 
true gonad deformations. These authors reported that males 
showed significantly more gonad deformations than females. 
This is in accordance with our results, showing that constric¬ 
tions are more frequent in males. 

Sant’Anna et al. (2010) reported that the different parts 
of intersex gonads were unfunctional and organized as an 
ovotestis and testis-ovo. De Metrio et al. (2003) reported 
dissimilar findings in intersex Mediterranean swordfish 
Xiphias gladius (Linnaeus, 1758) and hypothesized that the 
functionality of the testes did not seem to be impaired. In 
the same time, Urbach et al. (2008) and Bittner et al. (2009) 
demonstrated that the reproductive capability of altered 
Whitefish ( Coregonus spp.) were not reduced and that no 
difference was observed in sperm quality between normal 
and abnormal males. However, Jobling et al. (2002a), dem¬ 
onstrated that male gametes production and quality were 
reduced in intersex roach when compared to normal males 
collected from a reference site, intersex fish produced almost 
50% less milt than did reference males. Concerning B. cal¬ 
lensis intersex individuals, the general structure of the tes¬ 
tes containing both oocytes and spermatozoa were damaged 
when compared with those of normal males of similar size 
and captured during the same period. 

In B. callensis , female portions showed a higher inci¬ 
dence of oocyte atresia when compared to the reference 
females, 80% of the cross-sectional area of the gonad were 
composed by atretic oocytes. From similar observations, 
Jobling et al. (2002b) suggested that fish might have a low¬ 
ered fecundity because of atresia in intersex wild female 
roach. In the present study, the functionality of the inter¬ 
sex individuals was not investigated. Further studies using 
computer-aided semen analysis are needed, particularly in 
order to analyse accurately male gametes motility according 
to intersex situations with concomitant measurement of sex 
steroid hormones and vitellogenin. 

The mechanisms underlying sex determination and dif¬ 
ferentiation in fish are variable in response to environmental 
parameters (Baroiller, 1998). In fish, sex-reversal, particu¬ 
larly in gonochoric species, seems to be widely linked to 
pollution (Jones and Reynolds, 1997; Parks et al ., 2001; Van 
Aerie et al., 2001; Lokman et al., 2002; Gibson et al., 2005; 


Kipfer et al., 2009; Prado et al., 2011; Sanchez et al., 2011; 
Baynes etal., 2012; Blazer etal., 2012). 

Concerning Soummam River, Mouni et al. (2009) 
reported that numerous sources of pollution were present. 
Thus, dozens of plants activities have been noted, with also 
58 oil mills, 33 washing greasing stations and 26 public 
dumps. A volume of 165.10 5 m 3 of untreated urban wasted 
water is released annually. All these factors induce a huge 
pollution, with BOD 5 (biological oxygen demand in five 
days) and COD (chemical oxygen demand) values reach¬ 
ing 114.3 mg/L and 196.56 mg/L, respectively. These two 
parameters are considered as real indicators of water quality, 
the maximum accepted values are 25 mg/L and 40 mg/L for 
BOD 5 and COD respectively (Mouni etal., 2009). 

Studies conducted in recent decades suggested that con¬ 
tact with anthropogenic chemicals and mimics of estrogens 
and testosterone might alter sexual development in many 
vertebrate groups, including fishes (Kime, 1999; Iguchi et 
al., 2007; Williams et al., 2009). It was particularly estab¬ 
lished that endocrine-disrupting compounds can alter gonad 
morphology in fish (Allen et al., 1999; Van der Ven et al., 
2003; Vethaak et al., 2005; Schafers et al., 2007). Barnhoorn 
et al. ( 2010 ) have recently demonstrated that exposure of 
wild fish to non-treated sewage effluents caused sex revers¬ 
al in a freshwater fish species Oreochromis mossambicus 
in South Africa. These authors reported that 49% of testes 
contained oocytes. Bernet et al. (2008) hypothesized that the 
probable cause of gonadal deformities was due to the accu¬ 
mulation of xenobiotics in whitefish through the plankton. 

Different molecules are suspected to be linked to intersex 
alteration, Bernhardt et al. (2006) and Bernhardt and Hip- 
pel (2008), using the threespine stickleback Gasterosteus 
aculeatus (Linnaeus, 1758), demonstrated that perchlorate 
could produce androgenic effects, and some females were 
masculinised to the extent that they produced both sperm and 
eggs. Iguchi et al. (2007) reported that trenbolone at 1 pg/G 
induced spermatocytes apparition in the ovary of sexually 
mature females and the contraceptive estrogen ethinylestra- 
diol induced feminised responses in the medaka Oryzias 
latipes (Temminck & Schlegel, 1846). In The Netherlands, 
Lahr et al. (2006) signalled that high concentrations of vitel¬ 
logenin were found in the freshwater bream Abramis brama 
and in the estuarine flounder Platichthys flesus (Linnaeus, 
1758) related to estrogenic compounds inducing male femi¬ 
nization. In a number of British rivers contaminated with 
sewage effluent, 100% of sampled males of roach Rutilus 
rutilus fish presented testes producing simultaneously male 
and female gametes (Jobling et al., 1998; Beresford et al., 
2004). 

In mammals, it has been shown that reproductive defects 
caused by endocrine disruptors, including estrogenic com¬ 
pounds, can be inherited by future generations epigenetically 
(Anway et al., 2005; Crews et al., 2007). In fish, inheritance 
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of gonad deformations (Bittner et al., 2011) and improper 
breeding in hatchery (Bernet et al., 2004) as intersex factors 
have been excluded. Brown et al. (2009) demonstrated that 
when considering diminishing offspring survival as a spe¬ 
cific reproductive defect in rainbow trout, no heritable effect 
was observed from the FI generation. In addition, when con¬ 
trasting gene expression profiling of male whitefish with nor¬ 
mal and deformed gonads, only weak differences have been 
observed (Bittner et al., 2011). As consequence of all these 
findings, a primary genetic pathway as a causative effect in 
intersex remains very likely. 

The causative agent(s) of intersexuality in Barbus cal¬ 
lensis living in Soummam River affected by combined 
domestic and industrial sewage effluent are unknown. We 
hypothesized that this phenomenon was caused by exposure 
to mixtures of contaminants interfering with reproductive 
differentiation and development. Moreover, when looking at 
the total length of intersex individuals, the minimal observed 
value was 137 mm, which probably means that intersex 
appears after a period of exposure to the contaminants. The 
Soummam valley is characterized by the presence of a large 
number of mills that discharge olive oil mill wastewaters 
(OMW) into Soummam River without previous treatment. 
The OMW is considered as polluting effluent which may 
degrade the water quality, with critical negative impacts on 
ecosystems, this impact particularly on aquatic species, has 
been largely reviewed by Justino et al. (2012). The OMW 
are known to contain polyphenols presenting similarities 
with sexual steroids, including estrogens and androgens that 
can affect intersex in fish species. 

This study emphasizes the need for a multi-parameters 
approach in detecting endocrine disrupting chemicals, partic¬ 
ularly the estrogenic and/or androgenic mimics. In parallel, 
it is of high importance to establish whether the incidence of 
intersexuality was due to feminization or masculinisation by 
determining the genetic sex of hermaphroditism specimens 
and by assaying steroid hormones and vitellogenin. 
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